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SECTION 1

RADIATIVE PROPERTIES OF UO*

An analysis of the electronic structure
of UO and UO* using a relativistic formu-
lation has been undertaken (References 1
and 2). Preliminary calculations were per-
formed for several states of UO and UO"
and for the ground and excited states of
UO-*. In addition. an analysis of the
electronic structure of the ground state of
TiO* indicated the unexpected result that
this system is a weak LWIR radiator.
Finally, a data base for U°, U™ and U*? has
been collected for examining the role of
dielectronic recombination as a charge
neutralization mechanism in the uranium/
oxyvgen system (Reference 3). A brief
summary of the results of our UO* calcu-
lations performed to date follows.

Detailed searches of several sym-
metries of UQ®" were carried out to
determine the ground molecular state of
this system. Our calculations indicate that
the lowest symmetry of UO* is derived
from the (A, S) coupled ‘I state. A
vibrational analysis of the 0 = 9/2 ground
state of UO" was carried out using a
Hulbert-Hirschfelder (Reference 4) fit to
our calculated potential curves. The
spin-orbit splittings were derived from
atomic parameters for the U*? ion. This fit
yields an equilibrium internuclear distance
of 1.84 A and a fundamental vibrational
constant of 890 cm~!. These data are
compared with other calculated estimates,
since there are no experimental data
available. The agreement between our work
and that of Krauss and Stevens (Reference
S) is less satisfactory than in the case of

UO. but still well within the uncertainty of
the several calculations.

A perturbative treatment for calculat-
ing the density of states in uranium mole-
cules is available through the use of iigand
field theory. Recent studies by Dulick
(Reference 6) predict that the ground state
of UO" has 0 = 9/2. in contrast to the
effective core hamiltonian calcu- lations of
Krauss and Stevens (Reference 5) and our
relativistic density functional caiculations,
both of which predict that the ground state
has Q = 9/2. Again. the neglect of important
molecular effects in the ligand field model
apparently results in a bias toward lower Q
values.

An analysis of the emission character-
istics for the ground state of UO" indicates
an oscillator strength for emissicn (f,) of
517 x 107 at x = 11.3 u. A complete anal-
ysis of our calculated LWIR emission for
UQO* was given in DNA TR-82-159. Qur
calculated LWIR emission for UO" is
tvpical of that for a highly ionic metal
oxide. We predict strong emission from the
fundamentals of UO* in the wavelength
region 11 = 14 u. Since this system exhibits
weak anharmonicity, we find the overtones
down in intensity by several orders of
magnitude. However. the first excited state
of UO* (*H) lies at — 1200 cm™! in our
calculations with a predicted electronic
oscillator strength of — 1 x 107 for the *[ -
*H transition. The electronic and vibra-
tional manifolds for UO® are thus highly
overlapped above the second vibrational
level of the ground *ly.; state.

——g




A summary of the eleztronic states of
UQ" that have been studied. both at NBS
(Krauss and Stevens) and at UTRC. is
shown in Fig. 1. We find (to date) nine
electronic states lying in the region .4-.8u
that are strongly connected to either the
ground *I manifold or to the low-lying *4
manifold of UO* The calculated f-
numbers for the bands 1'1 — 14K, 1% —
3*H. 11— 2°H and 1%l - 1*H are given in
Tables 1. 2. 3, and 4 respectively. We find a
considerable shift in R, for the 3*H state
which offers a route for solar excitation
followed by IR radiation. We aiso show in
Table 4 the IR absorption corresponding to
the 1*l = 1*H transition. Owing to the
vertical nature of the potential curves. this
behaves similar to a weak vibrational tran-
sition.

The photoabsorption strengths for the
11 = 2%, 11 - 1°H, and 1*1 = 34 transi-
tions are presented in Tables § - 7, respec-
tively. We find that the 14l — 2*1 oscillator
strengths are large but that most of the
absorbed energy will be reradiated in the
visible since the transition is nearly vertical.

in contrast, the 1*l — 1°H transition
(Table 6) is an important route for con-
version of solar to IR photons, since the
oscillator strength is large and the R, of the
excited state is shifted. This transition is
not as strong as the 1*l — 3*H transition
reported previously, but is a contributing
factor in the total photoabsorption profile.

The 11 — 3% transition. shown in
Table 7, reflects the large shift in R, for the

excited state. but the transition moment is
weak since this is an f—s excitation on
uranium.

In both the UTRC and NBS studies. a
very low-lying *H excited state is found at
T. = 1200 cm™'. Since this state may be
thermally populated at short time condi-
tions, the oscillator strengths coupling this
1*H state to the known six low-lving ex-
cited states of UO" have been examined.

The calculated oscillator strengths are
given in Tables 8 - 13, respectively. for the
transitions: 1°H — 2*l. 1'H = 2*H. ’'H —~
VK. T*H — 1°H, 1*H — 2*H.and 1*H = 1.
The transitions to the 1*K. 1"H and "I,
show strong oscillator strengths owing to
the shifted R, for the excited states. The
overall pattern of solar pumping from the
1*H state is thus very similar to that from
the ground 1°] state.

Since the density of efectronic states of
UO" is large above - 2.0 eV. we predict
that strong solar pumping. followed by both
LWIR and visible radiation should occur for
this system. This conclusion is similar to
that reached by Krauss and Stevens (Ref-
erence 5) based on their MCSCF analysis
of the UO* system. Since several excited
electronic states of UO* lying in the region
of strong solar flux (.4 - .8 u), exhibit
shifted equilibrium internuclear separation
from that of the ground *I state, we predict
efficient conversion of solar photons to IR
photons for this system.
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Figure 1. Potential energy curves for UO-.

3




suoIMW PfUdIARA |,

SYVFUANS J0IEIIS0

€990 0g9 0 ROECTO 69¢°0 THeo f1<°0 S6t0 SLEG SSE 0

Fo-ctt FO-CR0 HO-R1°1 FO-1T9 FO~-19't FO-8<°1 SO-8€'E 90-86't LO-LO'E 8
oL 0 +99°0 f79°0 96C°0 L9¢°0 Or< o 91¢°0 t6t0 LLro

SO-act to-9¢°¢ CO-L6'L FO-RQ°T +6-99'9 FO-RCU'¢ S0-9T’'8 SO-LT Q0-0T"1 L
9+L0 Lo 700 L7990 €6S°0 €9¢'n 6£5°0 t16°0 6t0

£0-rol SO-90 ¢ FO-+0'9 90-7L't £0-9¢°¢ FO-€T9 FO~€0°C SO-+1°¢ 90-L6'C 9
9RL 9 L0 10L°0 19970 9790 £6<a +9¢°0 RECO €10

FO-96 ¢ o ogil FO-QU to-tco ¢ SO-0¢°¢ FO-68L F0-88°f S0-96'8 90-19'9 S

-

FeR0 L6L0 gt L0 1oL ¢ 199°0 §quo £65°0 £9¢0 LESO

J0=1ee ro-Cr'F CO-¢1 FO-9T°t FO-SR°¢€ FO-0T'¢ t0-tT6 +0-98°C CO-S6’l t
fe60 R0 RGLD LFLO Lo 199°0 €790 £66°0 £€9¢°0

f0-09°L Co-Ct'¢ FO-ST'¢ £0-F0°1 t0-CS°L to-tt+1 FO-€1°8 FO-£1°8 CO-t6'8 £
€00l P60 LERO KL O LEL0 10L°0 199°0 §79°0 7680

Lo-Ly1 RO-tR°¢ CO-a¢°¢ t0-6C°C +0-6Y'R £0-60'1 L0-99°¢ £0-S¢t LAt S o <
AtV 0ot 1o 0 FERO $6L°0 FELT0 869°0 8€9°0 oo

Gl-t< 6 R RT'E f0-F6'9 SO-1+1 Fo-8t1 F0o-0<'9 £0-€¢°1 to-6t'¢ £o-rel ]
ol aRn’l Fhh 0 91670 6t8°0 06470 6€L°0 t69°0 HCO'0, .

hli-01°¢ o-rec C1-60'R f0-11°9 90-1¢°S CO-FA'Q ro-66't £0-9¢7) CO-0T'C, (]
N L Y ¢ r 4 T 1 1] AL

wOf) J0 vonisuest o - [ Ayl 205 L0 Ny syqiduans 101v0so paendie) | Iqe}




SUOIMW ‘Y13uapaaem

SIPIVALIS JOICJNOSO

CCro REF O wto ROF0 t6g 0 18€°0 69¢°0 LEED 9te 0

£0-ST'1 FO-LE L cO-TC'l tO-L8°t co-tt'r C0~-08°¢ £0-L0"1 SO-rS'6 LO-68'9 8
ILE 0 ISy 90 0gE o S0+°0 a0 6LE0 L9c 6 €seo

£0-€0°} FO-50°6 £0-8¢°) £0-R0°1 €O-81°t cO-68't £0-10'¢ r0-96'S SO-€1°¢ L
|/F°0 6910 1€t°0 tEH 0 RIEQ rOr 0 06£°0 LLE O €9¢ 0

£0-LT] c0-69°1 FO-ST't £O-10°¢ FO-8F°t £O0-Hr'C £0-L8't £0-26°1 +0-60'C 9
LOSO YRF 0 LYY 0 6ry 0 wro Lito woro EREAIRY SLEO

FO-€L°6 FO-9L°L £0-06°T CO-60'C £0-C6°C LO-89'R £0-F1'r £0-S6'¢ FO-¢S°L <

v

RCE0 90¢°0 FRt0 C9r 0 fFF0 €80 cit 0 1ot°0 LREO

co-Li't €0-9R"1 FO-£6°1 f0-80°¢ FO-C6°¢ €0-£9°C r0-£9°8 €O0-Le¢ €0-c6'1 r
1660 LTC0 FOS0 CRE0 t9t0 9rt 0 6Cr 0 €150 66€°0

£0~-0T°¢ fo-11't €o~-€1°¢ Co-10°L €0-9¢°¢C £0-6F'C F0-9L°L co-ri°t £0-t6't €
9L¢c0 0cc 0 S0 £0<0 43t o tHt 0 fCH0 <o

FO-CRE to-rel £0-9¢6°¢ tO-6¢°tF £O-LF1 ti-t6'¢ €O-RL°t H0-0T'9 £0-0L°9 <
£09°0 tLEO LESO £Ceo 00¢°0 6LF 0 09+°0 weo c{ro

CO-TH'T FO-RG°C FO-C17°6 £O-L6°¢ €0-18°F f0-CRt +O-St°6 co-tLt €0-L67°L 1
60 RACO ROC0 reo fi€°0 SOt CLEo 9¢tH0 REF Do

LO-LH'E gn-¢1R CO-66S tO-LL'C H0-9L7°6 CO-RLC £0-S0°9 fO-£CR c0-19°¢, 0
® L 9 < t ¢ < I 0 AL

+OM JO VORISURN P f - |1 3y J0) ©. 4 A1y syrduans solejrase pajenage) ‘T Aqe]




€90
cO-81°¢

0L9°C
HO-L1°¢

FIL0
FO-€T 1

L9L0
CO-8¢1

R0
0-91°

6060
L0-70°6

900°
RO-16't

1€1°1

T
C1-¢TC

60-L1'6

09°0
F0-61'C

FEv 0
£0-06°¢

+L9°0
FO-CR'T
0cL o
FO-6L1

9LL0
90-8L°S

t+g0
90-L7°8
LE6™0
L0-19°C

(eot
RO-01°C

(911
6O~ 1€

1LE0
FO-+S'¢

09°0
FO-t1°1

LE90
€0-LLE

6L9°0
FO-0171

fcLo
tO-10°C

LBLO
LO-C8'6

6580
90-LS°F

6r6°0
80-+¢<°9

90}
60-¢1°¢

9

tEco
So-TL'T

e o
FO-LEE

F09°0
SO-8T°F

1ra°0
£0-96'¢

<RYO
CO-tL1

REL°0
FO~08"1

00870
60-8¢'t

LLRO
90-t8'1

£€L6°0
RO-1071)

Rl

0gcso
LO-St1

creo
90-t6'S

FLEO
FO-00'¢

f09°0
90-tt+'9

LF9°0
€O0-f0°t

£69°0
90-6¢"1

6+L0
t0-6C°1

9180
RO-8C'R

86870
LO-SH't

~.

L6t°0
L0-¢6°¢

Lreo
LO~-0t9

LLeG
FO-€+'C

€1o°0
90-81°1

£<9°0
t0-¢it

caL o
SO-6t'¢C

9L°0
CO-TT'L

€ER 0
RO-TY'L

LLEO
L0-6£1

86+°0
LO-08'C

cTso
L0-68°C

0ce”
L0~

il
~
[od =]

18¢°0
rO-SL° 1

619°0
S0-8S°1

799°0
€0-91°F

F1L70
SO-¢T't

9LL7°0
CO-€¢°T

LSFO
60-86"1

LLE O
80-¢L°¢

660
80-6S°L

F7€0
LO-0F'¢

£ec o
90-7¢°1

LSO
ro-t0't

979°0
SO-IT'E

9o
tO-g1°t

LTLo
CO-<r'e

+ON JO VOINSURIY 1,7 - 1, 3Y) 10§ LAy syrBuaais Jo1R|IdSO paryndje) ' 3qey,

SHoIW pIudjIAem

SYduAs JOIEISO

ort o

01011 8
8¢t°0

60-R0'1 L
L0

60-96't 9
106€°0

60-69°6 <
LT 0

L0-991 t
LSC°0

90-01"1 £
€650

SO0-61't <
t€9° 0

§0-¢T'€ 1
£R9°0..,

co~-1C°t, 0
{ WALA




L
90-LE |

[4% B3N

RO-CTiL

0

0

0

79¢¢
L0-96'S

otL6
9H-09°]

£90°¢¢

fRO-16°L

K\

«

0

0

tLL'e
LO-997}

tCe's
LO-S0'9

91%°6
90-6<71

0gR'TY
RO-C1°L

0

0

9

+ON JO uonisueL) Jy ) — 3,1 3y soy A4 synduass aotejpdso

(SR'C
01-r<'L

9¢9°¢
LO-9S

LTS
LO-SVL

irg8’6
0-8t "1

6L0 18

RU-CL°S

0

0

0

el

68C0°C
60991

08L°C
01-0¢°'8

F79'¢
LO-TTY

£ee’s
LO-91°8

01
90-Ct’}

L8616
R0-69°t

r

o6l
0i-Tti'e

6€T'C
60-+S' T

LSL't
60-LC°C

1r9°¢
R0-T8'L

t6E ¢
LO~LV'S

6€T 0!}
90-¢¢°1

I+ CL
f0-¢tt t

Ry

t

LE9'T
01-60°¢

£LR]
0i-¢+°T
e
60-t+0°¢
£€9L°C
60-66'C

L99°¢
80-66°¢

90¢°S
L0-799

8E6°6
90-+R°1

tt9-qa¢
fO-6F°¢

1er)
01-t0°}

809°)
11-996

6S8°1
01-+rT'T

€T0T
60-69'¢

t99°¢
60-6L°9

LLUNES
L0-19°¢

06T°6
90-7¢°7

f09°¢¢
60-R¢ 6

patendfe) 't qey

NURITIETIRITETEYY T

SPFuans J0eposo

0LT)
TI-LO'T

R0t 1
t1-§2°¢

96¢<°1
Hi-re'e

SR’}
al-to’t

U
11-8¢°¢

660°¢
RO-F1°L

08C 8.
90-€L°Ce

*e

AfA




SOOI PAudgaaem
yiduans soweoso

RILO €9L0 81L°0 GL9°0 6€9°0 SO09°0 LSO LrS 0 cson

tO-cL'Y £0-10°C YO-LE'T 90-60'9 RO-1L°¢€ L0-60°C 80~+E°1 60-69°'t 01-L17 8
Lo ¢igo 49L°0 tiLo 90 SE9'0 09°0 <wso ttso

FO-FL°¢ tO-tC'R cO-6L"1 90-05°T 90-88%8°1 [ Rt A L0910t H-Ls'¢ R0-$T1 L
IR Y L9R°0 LOR'O SELO 60L°C 899°0 1€9°0 86570 89¢<°0

Fo-18°¢ FO-r9't €O0-L171 cO-¢t1 90-LT1 LO-SE°6 01-19°6 LO-L0°T 0l-st'¢ 9
9001 LT6°0 6S8°0 008°0 6tL"0 €L’ 0 7990 979°( £65°0

CO-€ha'R tO-HE°C FO-CT'C £0-0L t0-8S°6 or-is't 90-8t°1 60-6S°¢ 11-16'6 S

o0

060") R660 0T 0 £SR°0 t6L70 €rL0 869°0 LE9°0 1790

CO-Cd CO-TR't FO-Rt71 tO-+9't £0-9¢°C LAt WARY LO-ST'8 90-86'1 -t L
thli'l tRO1 €660 S16°0 8re0 06L°0 6EL0 +69°0 £59°0

90-¢497] o0-17T°t SO-LR'I CO~-LL'L t0-6T°¢ €0-L8'C FO-0L°¢ L0-1¢9 LO-01't €
et 68171 080°1 8R6°0 1160 R0 98L°0 SEL°O 069°0

Lo-Fr'e LO-LEE LO-68F 90-0L°S <o-19'¢ FO0-9¢°T £0-01'¢ to-¢1'¢ 80-96't [4
RN el |/R81°1 RLOT 986°0 6060 R0 +8L°0 teL o

S0O-Chl RO-60°F 80-6+°C f0-tT'E G90-2¢'t SO-€6'T FO-LT'T £0-97°¢ £0-66'1 !
tosd ARt AN L8171 LLDY CR60 L06°0 OtR°0 (RL 0.

60-4C ¥ 60-CH'E 0n-0¢L 60-<1'1 RO-|1°1 LO0-66°C €o-s¢°1 HO-6$"] co-¢c¢, 0
N L 9 ¢ r ¢ < l 0 AA

WON JO uomsuray [ 7 - 11 ay) oy 4 A syiduasis s01ppso parendle) ¢ Qe




LIGIRTTT IR TIITETEYY T )
P3uans 101150

Heo f1¢°0 90t°0 9Lt"0 LEFO Ort0 €0 80t°0 r6c 0

PO-tr9'¢ SO0-t6'1 FO-LR'T fo-61'¢ £0-St°1 tO-LL°t SO-91°1 90-0L°C LO~16°T 8
6650 HECO 11670 680 0Lt o 1€+°0 reto git'0 €00

LO~€9°L FO-£<¢ FO-0L71 FO-8T71 L Und A I €0-¢t't t0-LT°T L0-1T°F 90-00°}) L
RLEO 16C°0 LIS q F0S0 £8F°0 rot0 9tt'0 670 gito

FO-0R°¢ SO-6$°¢ FO-01°T FO-£6'¢ 90-96°1 1 Ul RO +0-69°6 S0-9t+°L LO-80°C 9
66<°0 0Ls°0 tEC0 61¢°0 L6t 0 LLY O 8Ct°0 (U iV £t 0

SO-€0'R FO-C1t FO-LE'C CO-18°¢ FO-SC ¢ FO-6t"1 €0-19°1 t0-0¢°¢ co-L171 ¢

o

0790 68€°0 19€°0 geeo cleo 06r°0 0Ly 0 TS0 tero

FO-68°1 L0-€9°¢ FO-+R°C FO-SL°t so-1¢'¢ ro-oL'e Fo-9¢°L £0-0t"1 t0-+9°1 t
ro’n 60970 6L€70 S0 LTS 0 tOC 0 80 £91°0 Stro

FO-9t°< FO-6¢'t H0-90°1 SO-t€°¢ ro-01°¢ FO-+0't S0-t¢'C €0-0$°1 £0-869 €
999°0 0£9°0 R6S70 69¢°0 [4 1) gI¢°0 s6r°0 SLY O 9¢+°0

FO-LL°T FO-16't Fo-7¢°9 t0-99°t SO-0¢°9 rO-TL'1 ro-1i°8 FO-18°¢ £0-99°1 4
16570 £€9°0 619°0 LREO 6¢5°0 £€S°0 60570 880 890

CO-L1°¢ FO-6t"1 FO-9t+°¢ t0-¢t°9 t0-28'8 r0-20°L FO-81°] r0-9¢6°2 £0-10°¢ 1
6iL0 RLYO 1roo L0990 LLEO 0s¢0 £7S°0 10€°0 Rt 0.

90-ct¢ SN-6071 CO-LY'¢ FO-C071 FO-€L°C to-¢t9 £0-¢c! £0-99°} £0-C¢71, 0
8 L 9 € L € [4 [ 0 AN

“+ON JO uomsuRIl Hgl - 1,1 341 40y (.* Ay syiBuasis sorejiaso parenae) -9 ajqe]




99¢°0
SO-0t'¢

€LE°0
SoO-61"1

IRE°0
LO-ST'S
68€°0
SO0~-1¢€°¢

6680
CO-Tt'¢

0iro
LO-€6

-

sO-rn

cero
90-¢9'6

NS4t
CO-16'R

ceeo
90-81°¢

79€°0
90-T8°+

69¢€°0
SO-SL°T

LLEO
SH-18°¢

98¢0
90-T6°1

LHE 0
SO0-06'C

AV

STEFRIR:

FAR )
LO-1¢7°L

6ct 0
tO-c0l

cte0
SO-1971

1S€°0
SO-86'C

RSE0
SO-FR'I

€ee°0
LO-L6'F

FLED
SO-10°¢

FRETO

co-1c's

Yu-lo L

£0r°0
CO-£¢°T

ARt
FO~-€0°]

9

4O} JO uoIHSURS [ € ~

See e
S0-66'1

1+€°0
90~-66't

LEEO
0-80°C

HSE0
CO-LET

9¢°0
CO-96't

[WANY

CO-00°'¢

b2 Ul s YA

06t 0
SO-00°9

000
SO-0T'8

el

9Z¢€°0
90-Ci’I

1€€°0
SO-+§°1

LEE0
SO-8F'¢

rEe o
C0-19°¢

16€°0
S(r-9¢7}

09¢°0

90-00°¢

sU-vo I

LLEO
SO-18°L

98¢0
CO-€T’¢

t

Lieo
SO-1T'¢

weo
SO-L1'€

fT°C°0
S0-<9°1

FEC0
90--6L"1

1Fe o
90~+L'9

6+E°0

SO-SL't

sU-te 8§

€9C°0
SO-1¢°9

FLED
CO-¢¢°T

ROE°0
90-08'L

£Ieo
80-L8'S

61€°0
90-96'9

tee o
§0-99°C

1€€°0
S0-00°9

6£€°0
S0-86'L

ANt
Su-ty 9

tseo
SO-€T'¢

79¢°0
90-¢6'8

<

00¢°0
S0-08'C

SOE°0
S0-6L't

01€£°0
SO-179

sie o
SO-19°9

weo
SO-£8°9

67¢°0
$0-90°¢
9t e’
s0-¢

-

[
1

eHeo
90-%9°6

1€€°0
90-86'1

Il 24t g03 .24 synBualls Jore)1dso palendje)) ‘L djQe]

SUOIIW ‘YIaudgaaem
Piiuans 10180

76C°0
$0-0T'8

L6CTO
$O0-tL'Y

c0t0
SO-t6't

LOE°0
SO-6€°¢

g1eo
S0-6€°C

0ze o
$0-0T1

e
90~¢c t

£E€€°0
90-1¢"1

0re 0.,
LO-01°C.

0 M.

A

10




LREO
90-LR7}

60
FO-6t71
9
to-1a't

—

i
FO-<Y°

— -

91¢}
SO-0t 't

Lre
90-1¢"

Y —

£1e
LO-9 ¢

reL
[ N

-—

FeO'¢
nr-¢r'¢

0Lg o
tO-0L")

LR]EO
90-61'f

1670
FO-¢L°T

tco'1
FO-<¢'t

[RR
-0l

—

wy
=
|
=
-
~

—

LIS
RO-t{'9

—

RELTT
60-81°¢

9LL¢
ro-16'r

97RO
£0-L9°]

18RO
SO-t1'¢C

€r6’o
+o-RO'€

L10°1
tO0-9L°¢€

L0171
cO-TH'Y

91Tl
90-90'6h

€sey
LO-LE9

TEe]
Hl-6L'¢

[t

3O JO uonisuey {7 - J{, | 3yl 10§ (LA 2y sy13uaays 101R11IS0 paRINdle)) ‘g Afqey

9gLn
LO-FL°€

0LL0
FO-19°t

L1§0
€u-9¢°1

(FANY
CO-8¢h

£EH0
rO-8t°¢

80077
t0-€9°¢

660°1
SO-€9°¢
Hict
90~L6°¢C

neey
La-TH'e

e

789°0
90-+0°t

aTL 0
90-¢6°'8

9L°0
rO-tO't

08°0
£0-++°y

7980
+0-91°¢

5760
r0-9t g

0001
ro-cLit

€607}
SO-26°1

cnTl
90-)8°1

+

90
90-16'1

LL9°0
60-SC'9

FiLo
SO-€L7}

$SL°0
+0-78°¢C

108°0
£0-7¢°1

9680
t0-8TL

0g6°0
FO-FL7L

L6660
FO-<o'1

06071
9q0-61"L

£

019°0
LO0-79°9

1+9°0
L0-09'1

+L9°0
90-+1°1

01L°0
SO-¢T'1

05L°0
FO-61°1

86L°0
L2 Ut of I

r¢g8°0
£0-6T°1

0760
HO-61'9

866°0
SO-¢€€°¢

<

86°Q
60-t1°¢

6090
R0-€S°L

6£9°0
01-89°¢

129°0
LO-tL R

LOL O
90-56°¢

0sL°0
$0-69°¢

86L°0
r0-t9'§

958°0
£0-£0°C
€060
t0-6L°C

suoIIw ‘iuajganem
Pauans 101150

9¢<o

60-0L" 8
1870

80-+t+'C L
809°0

60-06'¢ 9
LE9°0

80-66'f 13
0L9°0

L0861 t
80L°0

90-T<S°) £
1€L°0

90-1L°6 4
w08a

F0-<9°¢ I
09804,

€a-g8°C. 0
0 WNLA

i




SuOLM pduapasem |,
Piuvans joweposo

£L9°0 6£9°0 L09°0 9,50 8ES0 £26°0 1060 8t°0 £9t°0

t0-$8°9 FO-20°L  HO-SO'S FO-81°1 90-2€°1 L0-9€°1 LO-8S'1  80-€C°t 01-tL L 8
91L°0 8L9°0 90 L09°0 9LS°0 61<°0 260 £05°0 80

€0-€r1 €0-t1°1  +0-80°9 FO-95°+ ro-€1° 90-L0°S L0-TE T 60-89°C 60-+2'C L
9920 FTLo 89°0 90 609°0 8LS°0 15570 L7870 905°0

SO-1L°% €0-SE°1  €0-SH1 HO-LT'S FO-ST'F $0-49'6 90-9€°'S  LO-11°E 60-S1°1 9
L8O 8LL°0 0EL°0 989°0 9r9°0 z19°0 78¢°0 95¢°0 z€c0

So-1€°t SO-ELT  €0-8T'1 €0~0L'1 FO-t9't FO-LLE SO-FT'9  90-SHT 80-9+'6 S n
20670 €r8°0 88L°0 LEL'O 169°0 759°0 819°0 88570 79¢°0

LO-L8' SO-9€'t  01-tR'9 £0-91°1 €0~10°C F0-$6°€ r0-L8°T  SO-9E°C L0-66'T t
$66°0 rFZ6'0 8<8°0 L6L°0 FHL0 669°0 099°0 929°0 L6S°0

90-98°7 LO-T8'F  SO-LEE 0-20°1 t0~91°6 £0-9t°C FO-t8'7  +0-€9') 90-06'7 €
€117 szo'l FH60 12870 808°0 €sL0 60L°0 9o LE90

t1-6t°s 90-8€1  90-L1°1 S0-€1°T S0-€1°€ H0-99°¢ €0-20°€  FO-TT'! $0-+S°S (4
L9T' N €0t £96°0 L8R°0 £T8°0 69L°0 tzLo $89°0

RO-tt€ 60-19'8  LO-EE'S 90-11"1 90-+9°6 $0-09°t r0-S0'T  €0-8H'€ 90-+€°t |
LLr 9T€"1 €611 080°1 860 L06'0 80 88L°0 rJALI

RN 60-€t°L  60-0S°L LO=ST'} LO-10°9 90-16'1 SO-1HE  SO-t1l £0-€9°€, 0
8 L 9 ¢ r ¢ T _ 0 AA

+ON JO VOMISURI [1,.T ~ H 1 3y 10) .22 sy18uans sojgpaso parende) ¢ Iqey

———



(U]
FO-1(°E

FSL0
ro-S6° ¢

tOR°0
cO-C1d

19870
rOo~TL1

0£6°0
90~-$T°6

PR
LO~LYL

RO1°1
LO-RO7T
6lLC1
0l-46°F

6rgl
60-€6°1

£L9°0
N Y

cliLo
FO-L1°¢

96L70
FO-6E°L

LOR0
HO-CT'6

LYRO
FO-€1°1

6e6°0
90-£6°9

oo’
LO-6TL

-—

FHid
LO-6S71

<
01-99°¢

LEY O
FO-C0°L

AN
FO-00"C

TIL0
FO-167)

9sL 0
£0-20°)

608°0
FO-RLY

0L8 0
co-¢cg°¢

1+6'0
90-8671

61071
L0-1¢8°¢

0171
0-€6°¢

9

4O JO NOMSUEN M| - Hl aut Joj (.A.A)y syiRuans sorejpaso parejnaje] ‘g1 3qe]

£0Y0
FO-08't

FEuo
FO-LC7L

699°0
FO-R1°C

60L°0
SO-TF'C

€SLo
£0-£¢71

ROR°0
FO-TS°F

69870
Co-t6'1

QMY
LO-tEL

010}
fO0-+9°¢

<

€LE0
F0-89°1

009°0
FO-€9°¢

€90
FO-06'9

L99°0
FO-1+°8

LOL0
C0-96'¢

rSL0
£0-0¢°)

9080
r0-8L°C

€98°0
90-6F'S

976°0
f0-0t't

o..

0,50
CO-¢L°6

f6€°0
FO-LS°C

0£9°0
FO-LLS

99970
£0-70°1

LoL o
FO-T6'C

€L o
£0-8%71]

<080
Lt oA |

LERO
Lo-C1'R

€

1cso
90—+t

0LS°0
CO-16°t

86570
LUl A

0€9°0
FO-SL°t

L99°0
£0-90°1

80L°0
+0-18'9

16470
£0-9¢7)

66L°0
FO-L0°

C

00$°0
LO-t9°t

12€°0
90-0¢"1

cHe o
90-68°+

1LS°0
S0-tT'C

009°0
+0-90°1

£€€9°0
F0-£8°¢

0490
£0-90°1

80L°0
£0-S1°1

0sL o
€0-8171

SUOIIW ‘huajasem
Pduans J01eIoso

18+°0
80-99°¢

10€°0
L0-L671

[44 Rt
L0-S9°¢

9t¢°0
90-8¢S°1

€Lso
90-1t°L

£09°0
S0-s6°'t

9¢9°0
+0-68°C

12970
£0-¢ 11

R0LO ..
£0-6+'C .

0

(o]

13




suow ‘dudgasem ,
Piduans sowepso

(AN Lreo £7Te0 00§70 6Lt 0 65t°0 [agd Y LTr'o €10
tO-CCd FO-66'1 LO-9¢°§ €0-8¢1 F0-28°L SO0-6+'C 90-78°¢ 90-LS"9 L0-¢£S°S 8
1H€°0 €960 6€5°0 sIco (41 ] e S0 8Ero0 £cEo
FO-9L°1 SO-9¢°§ FO-¢F'¢ t0-56'1 €0-9L°1 L I S0-80°1 90-1L°t 90-t+t°C (2
190 SRC0 LSS0 reco LOS°0 98+°0 99+°0 6rt'0 ret o
FO-C1°C t0-L6°C 90-06'C tO-SE°¢ HO-+€°L £0-6+'1 r0-76'C 90-6L°S 90-+1°C 9
€e9 0 €09°0 9LEO R+<°a £es o 000 0810 9t°0 Stt'o
SO-61'¢ tOo-St1 t0-8CF SO-€<°6 FO-67°1 £0-0¢°1 £0-80°1 t0-t+9°1{ 90-0¢°¢ S -
6¢9’ LT90 96<°0 99¢°0 6£¢°0 c16°0 £6t°0 LA ] LSO
+0-99°t FO-C0° ) CO-+6'C FO-£C°F FO-LE't 90-0% "1 £0-¢¢°1 F0-LSL SO-8L'8 t
tR9°0 0<9’ 91970 €RCT0 9¢c0 0gec 0 LOS°0 L0 69t 0
[ (S SN rO-0€°S FO-Co'¢ SO~T9°t +0-19°1 FO0-St°L t0-6L°C €0~-€t°1 ro-¢S°r t
110 tL90 RE9°0 F09°0 £LS°0 Sreo 170 0050 i8t°0
U FO-80°¢ FO-tL°F LU B Y POttt SO-S0°C t+0-8¢C ¢ r0-£6°6 £0-8¢C1 C
oFL 0 0uL 0 199°0 $t9'0 76S°0 £9¢°0 LESTO S1¢0 té6t'0
Ch-Lr' ¢ FO-F0° FO-16°1 FO-CT'E FOo-10'9 £0-€0'1 t0-LE°L S0-8¢°1 £0-96'1 1
cLLo RCLO 989°0 LY9°0 Ti9°0 1R¢°0 rec o 0€c o ROC 0.,
90-0r") GO-T9°L CO-6671 CO-C0°t €O-0L'8 tO-8¢°C HO-L0°6 £0-€0°7 £0-9L°1, 0
b L 9 < t 3 < 1 0 ALA

“JON JO UOIHSURIL [{of - Myl 241 20§ .21y syiBuaals J0IepIso pajenoje) || djqey




suosw yiduajaaem
YHvans 101e(dso

9LE0 6ct 0 (48} St o 0ort'o €6e70 £€8€°0 1L€°0 19¢°0

LO-CF°t £0-80°C 90-8R"°L £0-9C't £0-S0't €0-6¢71 FO-SL"} 90-6S°¢ LO-T6'% 8
tar 0 L0 LEED 6tt’0 € o LOt0 LAY 8¢€°0 0LE0

€0-¢9°1 €O-¢<°¢ £0-9¢°C t0-8¢€ ¢ £0-€9°F €O-IH'¢ £0-L0°1 FO-6¢°1 90-9¢°¢ L
<Ieo €6r°0 eLr FSEO 9¢t 0 (e 900 £6t°0 _ 18¢€°0

FO-6cC1 £O-+0°C FO-0T+ c0-t0'¢ £0-L171 £0-+<'t £0-6L°7 FO-1L°L SO-T1'6 9
£eco <1<0 16+°0 [FA ) S0 reto 61t°0 SOt°0 £68°0

t(-90°t +0-98°1 cO~-81°¢C t0-69°1 £0-L0) £0~-08°t £0-0C't £0-T1'C to-6t 't s “
9¢cn £ec 0 11¢°0 68t°0 f9+°0 0St 0 ger o 61t°0 SOt0

€0 ot ¢ €0-FR'¢ tO-00°L £0-9¢°1 £0-19°¢ FO-TT £0-8t'¢t £o-tL'¢ £0~LT1 r
i8¢0 LECTO es0 80670 98+°0 99t+°0 6tt°0 €eto 610

£0-90°1 £0-69°C £0-L8'¢ £0-LT'T FO-8T1 £0-79°t F0-8C'¢ £0-LS't £0-8L°C £
019°0 £RE0 9¢<0 0€s°0 9060 870 §9t°0 8+t°0 £ero

FO-99°1 FO~-8FL €0-FL'T £0-0S°¢ £0-LS°F Fo-tr'L £0-01°¢ €0-L9°T £0-0T'S [4
0t9°0 01970 0860 [43 R 97s°0 €S0 8t'0 t9t°0 8srt'o

CO-90°1 FO-1171% FO-€6°¢ FO-TR'R €0-St+'C €0-06'¢ £0-¢0°S +0-8%"1 £€0~-79°L I
69970 LYY0 r09°0 tLE0 9+<°0 17260 660 08t°0 79t°0.

LO0~2070 90-8Y°¢ CH-cY'C CO0-6S°L Fo-€1°¢ F0-99°R) £o-ro't T0-70°1 €0-1¢€°L. 0
N L 9 ¢ t ¢ < | 0 ANA

+OMN JO UOMSURIY Heg - Tl 3Y) a0y .44 sq1duadis soreqqaso parenaje) - ‘7 Ijqe]




SUOIIW ‘Yifuajaaem

Ppivans sowgpaso
ORE°0 69¢°0 REC0 LYe o 9¢€0 LTIE 0 R1€°0 01e0 €00
Co-¢11 CO-90°¢ LO=TOS CO-¢+ '€ SO-<RI S0-6171 SO-0T'r 90-L0'% ro-00°1 8
LRCO STANY rag 0 £eeo Treo A3 W} teeo S1g°0 LOE 0
CO-0€°¢ 90-€C°¢ CO-R86°1 CO-08'¢ LO-99°6 CO-€CL'¢ §0-9¢°¢ SO-€L°T S0-88°% L
g96¢°0 €RE0 e 09¢ 0 6FC0 REE0 67¢°0 12¢°0 €ie o
co-¢1l 90-89°L COH-IR¢ Co-61'1i SO-111 €o-0¢°¢ 90-8L°¢ SO-LT'S co-¢1°L 9
For o Tht o 0R¢€°0 LY90 CISE stea SEC0 9ce o f1€°0
90-<1 1 CO-60't CO-¢6'} 90-LC) SO-¢r'r SO-RE+ LO-£0'8 SO-167¢ SO-¢t° ¢ S .
St Orn R0 9Le0 toc 0 €een reo £eCo e 0
IS U AR Co-Q1 ¢ LO-LS'Y Co-16'¢ SO-S¢€'9 SO-1T7Y SO-L9°T £0-€0' 1 SO-60 't t
LCE0 Hit 0 00t0 9R¢0 £LEOD 1970 1670 1+e0 e
So-€L1 90-¢L°t SO-0¢°t CO-9¢°¢ SO-8C'1 90-€<°¢L SO-9t+°% £0-20'1 €0-86°1 t
orto cTHo Hto g6t €RE0 0Lgn 6S€°0 6r€ 0 ore o
cO-0<¢ Co-8¢°¢C SO0-68'7 90-+T'T SO-+T) Co~¢1L t0-91°1 SO-+1°L 1 Und O {
cro 9cr 0 1Tt0 90t°0 ThE0 6LE L9te0 9¢€0 9t 0
Co-00°¢ at-61°t 90-¢L ¢ Co-re'e SO0-t6'9 SO-0¢°6 CO-TLL CO-Ci°¢ 90-t6'€ 1
Co9t0 htE 0 ero LYFO ot o [SKE0 9L€°0 ISt RS U
FO-CHd ro- (¢ ro-491°1 =196 CO-RY L Co-¢r'¢ CO-TR'C 90-90'% LO-¢C L, o
b L 9 ¢ t 13 < | 0 WAA

JOMN 0 vorsuen { ¢ - 4§ 3y 204 0N sqiduans J01ej1050 pavepnde] ‘gl qey

e




SECTION 2

LIST OF REFERENCES

Michels. H. H. and R. H. Hobbs.
"Theoretical Study of the Radiative
and Kinetic Properties of Selected
Metal Oxides and Air Molecules.”
Final Report for DNA Contract DNA
001-82-C-0015, DNA-TR-82-159,
July 1983,

Michels, H. H. and R. H. Hobbs
“Theoretical Study of the Radiative
and Kinetic Properties of Selected
Metal Oxides and Air Molecules.”
Final Report for DNA Contract DNA
001-83-C-0044, DNA-TR-85-156.
May 198s5.

Michels. H. H.. “Theoretical Study of
the Radiative and Kinetic Properties of

N

Selected Metal Oxides and Air
Molecules.” Final Report for DN2
Contract DNA 001-85-C-0120. ONA-
TR-88-12. March 1988.

Hulburt, H. M. and J. O. Hirschfelder.
“Potential Energy  Functions  for
Ciatomic  Molecules.” Journal of
Chemical Physics. 9. p. 61. 1941

Krauss. M. O. and W. S. Stevens.
“The Electronic Structure and Spectra
of UO™. Chemical Physics Letters. 99.
p. 417. 1983 o

Dulick, M., private communication.




DISTRIBUTION LIST
DNA-TR-89-126

DEPARTMENT OF DEFENSE

ASSISTANT TO THE SECRETARY OF DEFENSE
ATOMIC ENERGY
ATTN EXECUTIVE ASSISTANT

DEFENSE INTELL.GENCE AGENCY
ATTN. RTS-28B

DEFENSE NUCLEAR AGENCY
ATTN: PRPD R YOHO
ATTN: RAAE A MARDIGUIAN
ATTN: RAAE B PRASAD
ATTN: RAAE K SCHWARTZ
ATTN: RAAE L WITTWER
ATTN: RAAE P FLEMING
ATTN: RAAE 5 BERGGREN

4 CYS ATTN. TITL

DEFENSE NUCLEAR AGENCY
ATTN: TDTT
2 CYS ATTN: TDTT W SUMMA

DEFENSE TECHNICAL INFORMATION CENTER
2CYS ATTN: DTIC/FOAB

STRATEGIC AND THEATER NUCLEAR FORCES
ATTN: DR E SEVIN

STRATEGIC DEFENSE INITIATIVE ORGANIZATION
ATTN: CSOJUDD
ATTN: PGM OPNS MR SNYDER
ATTN: S/AA W SEIBERLING
ATTN: TNS E IMKER

DEPARTMENT OF THE ARMY

J S ARMY ATMOSPHERIC SCIENCES LAB
3CYS ATTN: SLCAS-AE-E

U S ARMY NUCLEAR & CHEMICAL AGENCY
ATTN: MONA-NU

U S ARMY STRATEGIC DEFENSE CMD
ATTN: DASD-H-S#/R SMITH

DEPARTMENT OF THE NAVY

NAVAL RESEARCH LABORATORY
ATTN: CODE 2627
2CYS ATTN: CODE 4100 H GURSKY
ATTN: CODE 4121.8 H HECKATHORN
ATTN: CODE 4700 W AL

DEPARTMENT OF THE AIR FORCE

AIR FORCE GEOPHYSICS LABORATORY
ATTN: OP/A RATKOSKY
ATTN: OP/E GOOD
ATTN: OP/R MURPHY
ATTN: OP/W BLUMBERG
ATTN: OPE/H GARDINER
ATTN: PHP/W SWIDER

Dist-1

AIR FORCE OFFICE OF SCIENTIFIC RSCH
ATTN: AFOSR/NC

AIR FORCE TECHNICAL APPLICATIONS C7R
ATTN:. TX

AIR UNIVERSITY LIBRARY
ATTN: AUL-LSE

'WEAPONS LABORATORY
ATTN: SUL

DEPARTMENT OF ENERGY

LAWRENCE LIVERMORE NATIONAL LAB
ATTN: G SIMONSON
ATTN: L-10 A GROSSMAN
ATTN: L.84 A KRUGER

LOS ALAMOS NATIONAL LABORATORY
ATTN: D SAPPENFIELD
ATTN: P364 REPORT LIBRARY

SANDIA NATIONAL LABORATORIES
ATTN: CODE 3014 R BACKSTROM
ATTN: TECH LIB 3141

OTHER GOVERNMENT

CENTRAL INTELLIGENCE AGENCY
ATTN: OSWR/SSD FOR L BERG

DEPARTMENT OF DEFENSE CONTRACTORS

AERODYNE RESEARCH, INC
ATTN: CKOLB

ERIM
ATTN: IRIA LIBRARY

INSTITUTE FOR DEFENSE ANALYSES
ATTN: E BAUER
ATTN: H WOLFHARD

KAMAN SCIENCES CORP
ATTN: E CONRAD
ATTN: G DITTBERNER

KAMAN SCIENCES CORPORATION
5CYS ATTN: DASIAC

KAMAN SCIENCES CORPORATION
) ATTN: DASIAC

MiISSION RESEARCH CORP
ATTN: J KENNEALY
ATTN: R ARMSTRONG
ATTN: R LARKIN
ATTN: S BELANGER
ATTN: WWHITE

MISSION RESEARCH CORP
ATTN: D ARCHER
ATTN: D LANDMAN
ATTN: F GUIGLIANO




DNA-TR-89-126 (DL CONTINUED)

ATTN. R HENDRICK
ATTN: R KiLB
2CYS ATTN TECH LIBRARY

MISSION RESEARCH CORP
ATTN R STELLINGWERF

PACIFIC-SIERRA RESEARCH CORP
ATTN: ~ 8RODE

PHOTOMETRICS. INC
ATTN: 11 KOFSKY

PHOTON RESEARCH ASSOCIATES
ATTN: D BURWELL
ATTN: O LEWIS

PHYSICAL RESEARCH iNC
ATTN: HFITZ
ATTN: PLUNN

PHYSICAL RESEARCH. INC
ATTN: T STEPHENS

PHYSICAL RESEARCH. iNC
ATTN: J DEVORE

PHYSICAL SCIENCES. INC
ATTN: G CALEDONIA

R & D ASSCCIATES
ATTN: F GILMORE

SCIENCE APPLICATIONS INTL CORP
ATTN: D HAMUIN

SRIINTERNATIONAL
ATTN: W CHESNUT

TELEDYNE BROWN ENGINEERING
ATTN: TECHNICAL LIBRARY P SHELTCN

UNITED TECHNOLOGIES RESEARCH CTR
5CYS ATTN: HMICHELS

UTAH STATE UNIVERSITY
ATTN: K BAKER

VISIDYNE, INC
ATTN: JCARPENTER

DIRECTORY OF OTHER

GOVERNMENT PUBLICATIONS LIBRARY-M
ATTN: J WINKLER




